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ρ ũ ṽ w̃ σ̃xx σ̃yy σ̃zz σ̃xy σ̃yz σ̃zx

}T

Find Lagrangian Solution (bonded materials)

q̃I
S = RiemannL(q̃

I
L, q̃

I
R)

Contact with friction for the eXtended Eulerian Method LLNL-PRES-643113



Motivation

XEM
•Overview
•Equations
•Discretization
•Godunov
•Independent Fields
•Find Face Values
•Find Int. Solution

Friction Algorithm

Numerical Results

The End

Use Interface Coordinate System

n

qI
R qI

L

n

x

y

z

x̃ ỹ
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ṽslip
S w̃slip

S

Calculate Maximum Tangential Frictional Stress

σ̃I
xxS

τmax

τmax = −min(0, µ σ̃I
xx)

Contact with friction for the eXtended Eulerian Method LLNL-PRES-643113



Motivation

XEM

Friction Algorithm
•Coulomb Friction
•Interface Solution
•Sanity Check

Numerical Results

The End

Introduce Coulomb Friction (µ)

n
q̃I

S

n

x

y

z

x̃ ỹ
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ṽ I
S = ṽslip
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L−ṽ I
R)

ρI
LcI

TL
+ρI

RcI
TR

Solve for Tangential Velocity
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S = ṽslip

S +
σ̃I

xyS

ρI
LcI

TL
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L −
σ̃I

xyL
ρI

LcI
TL

+
ρI

LcI
TL

σ̃I
xyR

+ρI
RcI

TR
σ̃I

xyL
−ρI

LcI
TL

ρI
RcI

TR
(ṽ I
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ṽ I
R − (σ̃I

xyL
− σ̃I

xyR
)

ρI
LcI

TL
+ ρI

RcI
TR

Bonded
Velocity
Solution

Contact with friction for the eXtended Eulerian Method LLNL-PRES-643113



Motivation

XEM

Friction Algorithm
•Coulomb Friction
•Interface Solution
•Sanity Check

Numerical Results

The End

Sanity Check

Updated Tangential Velocity
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S = ṽslip
S +

σ̃I
xyS

ρI
LcI

TL

= ṽ I
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L−ṽ I
R)

ρI
LcI

TL
+ρI

RcI
TR

Solve for Tangential Velocity
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Taylor Anvil Test

Frictionless
slip µ = 0

Slip with Friction
µ = 0.3

Fully Bonded
µ = ∞
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Granular Material Compaction

Fully Bonded µ = ∞

Slip with Friction µ = 0.25 Frictionless slip µ = 0
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nslides ≥ nslidesmax

Thank You!
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